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1.0 INTRODUCTION 

Pyrazol-5-one and its derivatives are widely used 

precursor to a variety of compounds, documented well for 

their numerous applications such as products and 

intermediates in analytical, agricultural, biological, and 

pharmaceutical chemistry, extractants in mineral processing 

(Bojan, Marijan & Slovenko, 2009; Jung, Watkins & Avery, 

2002; Kimata et al., 2007; Ogwuegbu & Chileshe, 2000). 

Some of them also serve as important pharmaceutical agents 

including antipyrine and its congeners. With continuous 

evaluation for their pharmacological properties like analgesic 

(Gursov, Demiyarak, Capan, Erol & Vural, 2000), anti-

inflammatory (Satyanarayana & Rao, 1995), antiarrhythmic, 

antifungal (Bekhit & Fahmy, 2003) potential antipyretic 

(Souza et al., 2002), antinociceptive (Tabarelli et al., 2004; 

Prokopp et al., 2006) and antioxidant activities (Godoy et al., 

2004), the pyrazolone derivatives have still attracted 

medicinal chemists’ interests. Recently, acylpyrazolones have 

been reported to have a multidrug resistance modulating 

activity (Kimata et al., 2007). Benzoylpyrazolones, 

particularly, are potential antiprion agents (Chiba et al., 

1998).  Synthesis, antimicrobial and antioxidant activities of 

some 5-pyrazolone based schiff bases derived from a 

condensation reaction of 4-acyl-5-pyrazolones with aromatic 

diamines have been reported by Parmara et al (2015). 

The potential applications of pyrazolones in medicine as 

strong analgesic, antihistaminic, antipyretic, antibacterial and 

anti-fungal have been reported (Raman, Raja, Joseph and 

Ohaveeth, 2007; Sarbani, Jyoti and Nalla, 2008). Medicinal 

chemists have used pyrazolones extensively as scaffolds from 

which to design novel therapeutic agents (Brugel et al., 

2006).   

Obviously, the potential applications of 4-

acylpyrazolones in medicine, in the extraction and 

construction of ion-exchange resins for metal ions are the 

incentives behind the investigation of the interaction between 

these chelating agents and metal ions in solution (Marchetti, 

Pettinari & Pettinari, 2005). 

However, the study of biological activities of this class of 

compounds and their metal complexes is largely restricted to 

studies on microorganisms. Few reports are available in the 

literature on the study of their antibacterial activities. With 

the increasing search for more antibacterial substances with 

fewer side effects, other than the conventional antibiotics for 

pollution abatement of microorganisms from effluents 

discharge, it is imperative to investigate the possibility of the 

use of 4-acylpyrazolone derivatives.  
 

Figure 1: Structures of the keto-enol tautomeric forms of 

                the 4-butanoyl-3-methyl-1-phenylpyrazol-5-one.
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ABSTRACT 

The ligand, 4-butanoyl-3-methyl-1-phenylpyrazol-5-one (HBPy) and its complexes with 

Mn(II), La(III), Zr(III), V(V) and W(VI) were tested for antibacterial activity relative to 

streptomycin and penicillin antibiotics. The filter paper scraps diffusion method was 

used. The compounds were screened for their in vitro antibacterial activity against G(+) 

Staphylococcus aureus, G(+) Hay bacillus and G(-) Eschericha coli. It could be observed 

from the results that the antibacterial effect of the Mn(BPy)2.2H2O and the 

VO2(BPy).HBPy complexes were similar to that of penicillin against the two G(+) 

strains. The other three complexes also had such antibacterial activity, but a little weaker 

than that of penicillin. The test data also indicated that streptomycin was intermediately 

effective against G(+) Hay bacillus. The five complexes at a concentration of 2 μg/disc, 

showed antibacterial activity against G(+) Hay bacillus comparable to that of 

streptomycin with a concentration of 10 μg/disc. The ligand and its complexes showed 

none or much weaker antibacterial activity compared to penicillin and streptomycin 

against G(-) Eschericha coli. It is therefore concluded that the metal complexes studied 

are potent against the Gram-positive bacteria studied; hence the compounds have great 

potentials in the exploration of new chemotherapy agents.                                                                                     
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In this paper, antibacterial activities  of 4-butanoyl-3-

methyl-1-phenylpyrazol-5-one and its manganese(II), 

lanthanum(III), zirconium(III), vanadium(V) and 

tungsten(VI) complexes relative to some familiar antibiotics 

was reported. The structures of the keto–enol tautomeric 

forms of the 4-butanoyl-3-methyl-1-phenylpyrazol-5-one 

(designated here as HBPy) are as shown in Figure 1. 

In our previous work, the syntheses and characterization 

of the 4-butanoyl-3-methyl-1-phenylpyrazol-5-one and its 

Mn(II), Zr(III), La(III), V(V) and W(VI) complexes; the 

mode of interactions between the metals and the ligand in 

aqueous solution and the possible structures of the ligand and 

the complexes were reported (Ehirim, Elenwoke & 

Ogwuegbu, 2014). The present study was carried out to 

investigate the possible antibacterial activity of the 

synthesized ligand, 4-butanoyl-3-methyl-1-phenylpyrazol-5-

one and its Mn(II), Zr(III), La(III), V(V) and W(VI) 

complexes relative to familiar antibiotics namely: penicillin 

and streptomycin. 

2.0. EXPERIMENTAL 

2.1. Reagents:  Analytical grade reagents including 95 % 

ethanol and dimethylsulphoxide (DMSO),                              

4-butanoyl-3-methyl-1-phenylpyrazol-5-one and its Mn(II), 

Zr(III), La(III), V(V) and W(VI) complexes, distilled de-

mineralized water, filter paper, streptomycin and penicillin. 

2.2. Antibacterial activity tests 

In-vitro antibacterial activity of the ligand and its 

complexes was studied by using the filter paper scraps 

diffusion method. The strains chosen included G(+) 

Staphylococcus aureus, G(+) Hay bacillus, and G(-) 

Eschericha coli. Small 6 mm diameter circular scraps of filter 

paper were prepared for the purpose of bacteriostatic slices.   

2 mg of drug (the ligand and its metal complexes) was 

dissolved in 10 ml DMSO (1 %) to make concentrations of 

0.2 mg/ml. The solution (0.2 ml) was poured into a small 

bottle containing ten paper slices and it was ensured that all 

the solution was blotted up. The bottle was covered by gauze, 

sterilized for 20 minutes under a steam pressure of 15 Ib/in
2
, 

and then kept in an oven at 80 
o
C for subsequent testing (Qin-

xi et al., 2000). 

 Bacterial strains were inoculated into the medium plates 

with absorbent cotton, and three previously prepared 

bacteriostatic slices containing the same drug were put on a 

medium plate. One sample was inoculated in parallel on four 

medium plates. Finally, all plates were incubated at 35 
o
C in       

5 % CO2 for 24 hours and then examined. Streptomycin and 

penicillin were used as standard antibacterial drugs (control). 

Solvent was screened for its activity. The corrections in 

biological activity of the compound, due to solvent 

dimethylsulphoxide (DMSO) were also applied in the 

calculation.  

At the end of incubation time, the diameters of the 

inhibition zones formed on the filter paper scraps were 

evaluated in millimeters. The measured inhibition zones of 

the study compounds were compared with those of the 

reference discs (Asegbeloyin et al., 2014). 

3.0. RESULTS AND DISCUSSION 

The results of the analyses and their discussion are 

presented below.   

3.1: Antibacterial activity of the ligand and its complexes.  
The results of the antibacterial activity of the ligand and 

its complexes are presented in Table 1. 

The susceptibility of a certain bacterial strain towards an 

antibacterial drug can be tested by measuring the 

bacteriostatic diameter (d). For penicillin with a concentration 

of 2.0 μg/disc, d >= 20 mm shows high sensitivity, 14 <= d< 

20 mm indicates intermediate sensitivity, while 9<= d <= 13 

shows slight sensitivity (Qui-xi et al., 2000). From the results 

in Table 1, penicillin is highly effective against G(+) 

Staphylococcus aureus and G(+) Hay bacillus. It could be 

observed from the results that the antibacterial effect of the 

Mn(BPy)2.2H2O and the VO2(BPy).HBPy complexes were 

similar to that of penicillin against the two G(+) strains. The 

other three complexes also had such antibacterial activity, but 

a little weaker than that of penicillin. For streptomycin with a 

concentration of 10 μg/disc, d>19, 14<d<= 18, and 12<d<= 

13 indicate high, intermediate and slight sensitivities 

respectively. The test data indicated that streptomycin was 

intermediately effective against G(+) Hay bacillus. The five 

complexes at a concentration of 2 μg/disc, showed 

antibacterial activity against G(+) Hay bacillus comparable to 

that of streptomycin with a concentration of 10 μg/disc. 

Therefore, considering the concentrations, these complexes 

have considerably stronger antibacterial activity than that of 

streptomycin against G(+) Hay bacillus. The ligand and its 

complexes showed none or much weaker antibacterial 

activity compared to penicillin and streptomycin against G(-) 

Eschericha coli.  

The observed results of the antimicrobial tests of the 

ligand and its complexes against the G(-) E. coli could be 

attributed to the inability of the compounds to permeate the 

protective outer membrane of the Gram negative bacteria to 

the extent of having antimicrobial effects. Similar observation 

had been made elsewhere (Asegbeloyin et al, 2014). 

This is because Gram-negative bacteria are noted for the 

presence of protective lipopolysaccharide (LPS) in the outer 

membrane of their cell wall, which protects the sensitive 

inner membrane and the cell wall from drugs and dyes 

(Nikaido, 1994). This protective lipopolysaccharide is absent 

in Gram-positive bacteria. In order for these compounds to 

exert bacteriostatic or bactericidal actions, they must access 

intracellular targets (Poole, 2002). Therefore, in Gram-

negative bacteria, these compounds must cross the outer 

membrane, a substantial permeability barrier and thus a major 

determinant of antimicrobial resistance in these bacteria 

(Todar, 2011). Finally, it is noteworthy that the antibacterial 

activities of the complexes were stronger than that of the 

ligand. The observed better antimicrobial action exhibited by 

the complexes may be ascribed to possible binding of the 

Table 1. The antibacterial activity data of the ligand, its complexes and the standard drugs. 

Drug on disc Concentration 

(μg/disc) 
Average value of bacteriostatic diameter (mm)                                                                                 

G(+) Staphylococ aureus                      G(+) Hay bacillus                         G(-) E. coli 

HBPy          2             12.5            11.0       0.0 

Mn(BPy)2.2H2O          2             21.5            17.5       5.0 

La(BPy)3.2H2O          2             16.5           13.5       3.0 

Zr(BPy)3.2H2O          2             15.0            14.0       3.0 

VO2(BPy).HBPy          2             20.5            16.5       5.5 

WO2(BPy)2.H2O          2               15.5             14.0       4.0 

Penicillin          2             23.0            20.0      16.5 

Streptomycin         10              0.0            16.5      18.0 
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central metal ions in these complexes to the active centres of 

cell constituents of the bacteria studied, thereby preventing 

their activities.  

4.0. CONCLUSION 

The compounds exhibited better antibacterial activity 

against Gram-positive bacterial strains studied but did not 

show such antibacterial activity on the Gram-negative E. coli 

bacteria. 

From the above analysis, it can be said that the activities 

of the complexes, especially Mn(HBPy)2.2H2O and 

VO2(BPy).HBPy complexes  against G(+) Staphylococcus 

aureus and G(+) Hay bacillus have great potentials in the 

exploration of new chemotherapy agents.    

REFERENCES 

Asegbeloyin, J. N., Ujam, O. T., Okafor, E. C., Babahan, I., 

Coban, E. P., Ozmen, A. and  Biyik, H. (2014). Synthesis, 

characterization, and biological activity of N′-[(Z)-(3-methyl-

5- oxo1phenyl-1,5-dihydro4Hpyrazol4ylidene)(phenyl) 

methyl]benzohydrazide and its Co(II), Ni(II), and Cu(II) 

complexes.Journal of Bioinorganic Chemistry and 

Applications, volume 2014, 11. Article ID 718175. 

 

Bekhit, A. A.  and Fahmy, H. T. (2003). Design and synthesis 

of some substituted 1H-pyrazolyloxazolidines or 1H-

pyrazolylthiazolidines as anti-inflammatory-antimicrobial 

agents. Arch. Pharm. (Weinheim), 336, 111-118. 

 

Bojan, B., Marijan, K. and Slovenko,  P. (2009). A simple 

approach to pyrazol-3-ones via diazenes. Tetrahedron, 65, 

8690-8696. 

 

Brugel, T.A., Hudlicky, T., Clark, M.P. Golebiowski, A., 

Sabat, M., Endoma, M.A., Bui V. Adams, D.,  Laufersweiler, 

M.J.,Maier,J.A.,Bookland,R.G.and De, B. (2006). 

Convergent synthesis of 2,3-bisarylpryzolones through 

cyclization of bisacylated pyrazolidines and hydrazines, 

Tetrahedron Letters, 47, 3195-3198. 

 

Chiba, P., Holzer, W., Landau, M., Bachmann, G., Lorenz, 

K., Plagens, B., Hitzler, M., Richter,   E. &  Ecker, G. (1998). 

Substituted 4-acylpyrazoles and 4-acylpyrazolones: synthesis 

and  multidrug resistance modulating activity. J. Med. Chem., 

41, 4001-4011. 

 

Ehirim, A. I. C., Elenwoke, U. E. and Ogwuegbu, M. O. C. 

(2014). Synthesis and   spectroscopic studies of 4-butanoyl-3-

methyl-1-phenylpyrazol-5-one and its manganese(II), 

lanthanum(III), zirconium(III),vanadium(V) and tungsten 

(VI) Complexes, International Journal of Science and 

Research (IJSR), 3(10), 720 – 729.  

 

Godoy, M.C. Fighera, M.R., Souza, F.R., Flores, A.E., Rubin, 

M.A. Oliveira, M.R.,Zanatta, N., Martin, M.A.P.,  Bonacorso, 

H.G. and Mello, C.F. (2004). Alpha 2-adrenoceptors and 5-

HT receptors mediate the antinociceptive effect of new 

pyrazolines, but not of dipyrone. Eur. J.  Pharmacol., 496 (1-

3), 93-97.  

 

Gürsoy, A., Demirayak, S., Capan, G.,  Erol, K. and Vural, K. 

(2000).Synthesis and preliminary evaluation of new 5-

pyrazolinone derivatives as analgesic agents. Eur. J. Med. 

Chem., 35, 359-364. 

 

Jung, J.C., Watkins, E.B.  and Avery, M.A. (2002). Synthesis 

of 3-substituted and 3,4-  disubstituted pyrazolin-5-ones. 

Tetrahedron, 58, 3639-3646. 

 

Kimata, A., Nakagawn, N., Ohyama, R., Fukuuchi, T.. Ohata, 

S., Suzuki, T. and Miyata, N. (2007). New series of antiprion 

compounds: pyrazolone derivatives have the potent activity 

 of inhibiting protease-resistant prion protein accumulation. J. 

Med. Chem., 50, 5053-5056. 

 

Marchetti, F., Pettinari, C., and Pettinari, R., (2005). 

Acylpyrazoloneligands: Synthesis, Structures of Metal 

Coordination Chemistry and Applications, Coordination 

Chemistry   Reviews, 249, 2909-2945. 

 

Nikaido, H. (1994). Prevention of drug access to bacterial 

targets: permeability barriers and active efflux.  Science, 

264(5157), 382–388. 

 

Ogwuegbu,M.O.C. and Chileshe,F.(2000).Coordination 

Chemistry in Mineral Processing,Min.Proc.Ext.Met.Rev., 21, 

497–525. 

 

Parmara, N., Teraiyaa, S., Patela, R., Barada, H., Jajdab, H. 

and Thakkarb,V. (2015). Synthesis,  antimicrobial and 

antioxidant activities of some 5-pyrazolone based Schiff 

bases. Journal of Saudi Chemical Society, 19(1), 36 – 41. 

 

Poole, K. (2002). Mechanisms of bacterial biocide and 

antibiotic resistance. Journal of Applied   Microbiology 

Symposium Supplement, 92(1), 55–64. 

 

Prokopp, C.R., Rubin, M.A., Sauzem, P.D., de Souza, A.H., 

Berlese, D.B., Lourega, R.H., Muniz, M.N., Bonacorso, H.G., 

Zanatta,N.,Martins, M.A.P. and Mello,C.F.(2006). A pyrazol 

yl-thiazole derivative causes antinociception in mice. Braz. J. 

Med. Biol. Res., 39(6), 795.  

 

Qin-xi, L., Hui-an, T., Yi-zhi, L., Min, W.,Liu-Fang, W. and 

ChunGu, X. (2000). Synthesis, characterization  and anti 

bacterial activity of novel Mn(II), Co(II), Ni(II), Cu(II), and 

Zn(II) complexes with vitamin K3-thiosemicarbazone. 

Journal of Inorganic Biochemistry, 78(2), 167 – 174.  

 

Raman, N., Raja, S. J.,  Joseph, J. and Ohaveeth, U. R. 

(2007). Synthesis,spectral characterization and DNA cleavage 

study of heterocyclic schiff base metal complexes. J. Chil. 

Chem. Soc., 52, 1138. 

 

Sarbani, P.,Jyoti, M. and Nalla, S. D. (2008).High Speed 

Synthesis of pyrazolones using microwave assisted neat 

reaction technology. J. Braz. Chem. Soc., 19, 1590. 

 

Satyanarayana, K. and Rao, M.N.A. (1995). Synthesis of 4-

[5-(substitutedaryl)-4,5-dihydro-1H-pyrazol-3-yl]3-pheny 

lsydnones as anti-inflammatory, antiarthritic and analgesic 

agents. Eur. J. Med. Chem.,30, 641-645. 

 

Souza, F.R., Souza, V.T., Ratzlaff, V., Borges, L.P., Oliveira, 

M.R.,Bonacorso,H.G.,.Zanatta,N.,Martins, M.A.P. and Mello, 

C.F. (2002). Hypothermic and antipyretic effects of 3-methyl-

and3-phenyl-5-hydroxy-5-trichloromethyl-4,5-dihydro-1H-

pyrazole-1-carboxy-  amides in mice. Eur. J. Pharmacol., 

451(2), 141.



Ehirim, A. I. C et al./ Elixir Appl. Chem. 116C (2018) 50329-50332 50332 

Tabarelli,Z.,Rubin, M.A..Berlese, D.B., Sauzem, P.D., Missio 

,T.P.,.Teixeira, M.V.,Sinhorin,A.P., Martins, M.A.P., Zanatta 

,N.,Bonacorso,H.G. and Mello C.F.(2004).Antinociceptive 

  effect of novel pyrazolines in mice. Braz. J. Med. Bio. Res., 

37, 1531.  

Todar, K. (2011). Bacterial resistance to antibiotics. Todar's 

online textbook of bacteriology. 

 

 


